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2006). So, a surveillance system of pig farms to identify asymptomatic pigs could help to improve food safety. 
Conclusion
Based on our isolates, and comparing PCR and conventional techniques, both were able to identify the 
Genus Streptococcus with the same accuracy. On Species level, the molecular biological tests yielded more 
members of the Species S. suis. All parts of a pig can be positive for S. suis and can represent a possible source 
of infection in humans. A surveillance system should be developed to identify asymptomatic carriers of S. suis.
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15. Seroprevalence of Salmonella sp. on sixteen small one-site pig farms in Slovenia
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Abstract
Salmonellosis is considered to be one of the most common food-borne illnesses in humans. Swine can 
be infected with a broad range of salmonella serotypes that can be source of infection of pork products. 
Salmonella reduction programs on pig farms can be achieved with serological monitoring. It is important to 
identify pig farms that carry a high percentage of infected animals, hence represent a bigger risk factor for 
introducing salmonella in the meat production chain. Proper measures should be introduced to reduce the 
salmonella contamination on infected farms.
Between years 2012 and 2014, 16 small one-site pig farms participated in a study of seroprevalence of 
different pathogens, including Salmonella sp. During the research, 166 sera samples were tested for presence 
of antibodies against salmonella with ELISA Swine Salmonella Antibody Test Kit (IDEXX). Samples with OD % 
equal or greater than 20 % (S/P = 0.5) were classified as positive (more stringent screening). 21 % of breeding 
animals and 5.8 % of fatteners were serologicaly positive.
Compared to previous studies, it is apparent that seroprevalence of salmonella on pig farms in Slovenia 
has not augmented (2006 OD 20 % was 21.3 %, 2007 OD 20 % was 24 % and 2008 OD 20 % was 24.8 %). 
Seroprevalence is still low in Slovenia. Aside from the level of primary production, it is important to continue 
monitoring in other stages of the food chain, such as food and animal feed.
Introduction
Salmonella infections of swine are of concern for two major reasons. The first is clinical disease in pigs 
(salmonellosis) and the second is that swine can be infected with a broad range of Salmonella serotypes 
that can potentially contaminate pork products and pose a threat to human health. Many of the more than 
2400 Salmonella serotypes have a broad host range, but several serotypes are quite adapted to a single host. 
Salmonella Choleraesuis is a type of species for the genus Salmonella which is adapted to swine (Carlson et 
al., 2012).
Salmonellosis is considered to be one of the most common food-borne illnesses in humans and represents 
a worldwide health problem. Among the top 20 Salmonella serotypes isolated from diseased human, four 
are commonly isolated from swine (Doyle et al., 2009; Foley and Lynne, 2008; Foley et al., 2008; Štukelj et al., 
2009). Although much of the contamination of pork products occurs by fecal contamination during slaughter 
within abattoirs, infected pigs leaving the farm are considered the original source of abattoir contamination 
(Botteldoorn et al., 2003; Isaacson et al., 1999).
Due to the impact that Salmonella has on public health and health-status of pig heards, it is important 
to identify pig farms that carry a high percentage of infected animals, hence represent a bigger risk factor 
for introducing Salmonella in the meat production chain. Proper measures should be introduced to reduce 
Salmonella contamination on infected farms (Štukelj et al., 2009). Salmonella reduction programs are 
becoming commonplace, with long-range goals to include the production and marketing of salmonellae-free 
pork products. Numerous dynamic programs are in place utilizing hazard analysis and critical control point 
principles (Carlson et al., 2012). These programs that have been in place for a sufficient period of time, such 
as the Danish program, have sufficiently reduced the rate of Salmonella infection in pork products (Nielsen 
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et al., 1995). The aim of this study was to evaluate the seroprevalence of Salmonella on 16 small one-site pig 
farms in Slovenia. The results of this study have confirmed that seroprevalence remained low.
Material and Methods
Sampling
Serum samples were taken from 16 different small one-site farrow-to-finish pig farms. Between years 
2012 and 2014, a total of 166 samples (85 breeding animals and 81 fatteners) were tested for antibodies 
against Salmonella sp.
Testing
Samples were tested with ELISA Swine Salmonella Antibody Test Kit (IDEXX). The results were calculated in 
OD % referring to a set of standard sera, defined according to the Danish Mix-ELISA system. Samples with “OD 
%” equal or greater than 20 % (S/P = 0.5) were classified as positive (more stringent screening).
Results
Serum samples were divided into two groups: breeding animals and fattening animals. After testing of 
serum samples, percentage of Salmonella seropositive was calculated. The prevalence of serum samples 
with Salmonella antibodies in breeding animals was 21 % and 5.8 % in fatteners making the average of 13.25 
% positive animals altogether (Table 1). 50 % of the farms had no seropositive animals. No specific control 
measures were implemented to prevent the introduction of Salmonella on a farm.
Table 1 - Presence of antibodies against Salmonella on 16 small farms.
Discussion
Since year 2004, seroprevalence of Salmonella in swine in Slovenia has been evaluated several times. In 
2004, Štukelj and Valenčak confirmed that the number of Salmonella-positive breeding animals and fatteners 
is higher on large farms than on small farms. They reported of 10 % seroprevalence of fatteners and 30 % 
seroprevalence of breeding sows from small farms. On the other hand seroprevalence was 30 % for fatteners 
and 68 % for breeding sows from large farm. In 2009, Štukelj et al. reported about prevalence of Salmonella 
in fatteners on large pig farm. Over the course of 3 years, 2006 OD 20 % was 21.3 %, 2007 OD 20 % was 24 
% and 2008 OD 20 % was 24.8 %. In a survey completed in 2012 by Štukelj et al., 25.28 % of pig holdings and 
20.68 % of fattening pigs were declared salmonella-positive (OD 20 %). Compared to previous studies it is 
apparent that seroprevalence of Salmonella on pig farms in Slovenia has not augmented. Conversely, values 
of 21 % seropositive breeding animals and 5 % seropositive fatteners (average 13.25 %) from small pig farms 
suggest slightly decreasing trend of salmonella-positive pigs. The low percentage of Salmonella positive pigs 
in this study certifies the statement of Štukelj and Valenčak from year 2004, that Salmonella prevalence is 
low on small pig farms. Merle et al. (2011) also suggested that Salmonella seroprevalence decreases over a 
period of time, especially if sound management practices are implemented. With use of good management 
practices, not only pre-harvest Salmonella reduction is achieved, the overall health of swine operation is also 
improved (Carlson et al., 2012).
For evaluation results of salmonella-positive pig herds, different schemes are used to categorize the herds 
in several groups, under various circumstances of sampling. Danish Salmonella scheme categorized pig farms 
in four levels, from 0 to 3. Once a month all herds were assigned to official Salmonella level (0, 1, 2 or 3) 
according to the results from the preceding 3 months. Level 0 herds were considered salmonella-free. Level 
1 included herds with low acceptable prevalence of Salmonella, level 2 included herds with a moderate still 
acceptable prevalence, and level 3 included herds with a high unacceptable prevalence (Alban et al., 2002). 
German Salmonella surveillance and control program in slaughter pigs classified herds in 3 categories: I (0–20 
%), II (20–40 %) and III (> 40 %) by their percentage of yearly positive samples (Merle et al., 2011). Although 
some inconsistency regarding sample sizes and frequency of evaluating the results, the average value of 13.25 
% of seropositive animals from whole test pool could be placed into level 1 according to Danish scheme and 
category I according to German scheme respectively. Although Slovenia does not have a national control 
program for Salmonella, some studies of seroprevalence on pig farms have been carried out in the past. 
Results suggested that the seroprevalence was low (Štukelj and Valenčak, 2004; Štukelj et al., 2009; Štukelj 
et al. 2012). The results presented in this study confirm that seroprevalence of Salmonella is still low in 
Slovenia. With implementation of a national control program similar to ones in Denmark or Germany, it 
would be possible to eradicate Salmonella from pig operations in Slovenia. After 2004 a significant decrease 
in pig meat production in Slovenia was noticed; also the number of animals and number of large farms has 
been decreasing for several years (Statistical office of the Republic of Slovenia, data from 1.1.2010). Most 
pig farms in Slovenia are small-sized and one-site production farms. There are currently 3909 farms with 1 
to 20 breeding pigs, 206 farms with 21 to 50 breeding pigs, 31 farms with 51 to 100 breeding pigs, 12 farms 
with 101 to 200 breeding pigs, 2 farms with 501 to 1000 breeding pigs and only 2 farms with more than 
1000 breeding pigs (base VOLOS, Ministry for agriculture, forestry and food, UVHVVR, data from 1.2.2013). 
Progress in monitoring and controlling various diseases, not only salmonellosis would be an efficient tool for 
reversing a current decreasing trend in Slovenian pig meat production.
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Conclusion
The seroprevalence of Salmonella on small pig farms in Slovenia is low. The implementation of a national 
control program could be a long term solution for eradication of disease. 
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16. Toxoplasma gondii: serological study in pigs slaughtered in Portugal
Caiado, A.1, Müller, A.1,2, Gomes-Neves, E.1,2*
Abstract
Toxoplasma gondii has a worldwide distribution and usually is not detected macroscopically by traditional 
meat inspection methods. The aim of this study was to assess the seroprevalence of Toxoplasma gondii in 
slaughter swine using a modified direct agglutination method (MAT) (Toxo-Screen DA, Biomérieux® SA). No 
positive results were obtained in sera from 337 animals from 12 intensive production farms tested in duplicate 
at the dilutions of 1:20 and 1:40. The estimated seroprevalence was 0%. The 95% confidence intervals ranged 
from 0 to 21.8% within batches, and 0 to 1.1% of all animals. In 10 of the 12 farms, Toxoplasma seroprevalence 
was below 7% (>99% confidence level). In the remaining two farms, the sampling fraction was too small to 
distinguish a population with prevalence of 7% from a disease-free population. Our findings suggest that 
Toxoplasma seroprevalence in intensive pig farms is likely to be below 7%. However, selection of farms was 
not random, so further studies are required to allow making inferences for all intensive pig farms in the centre 
and north of Portugal.
Introduction
Toxoplasma gondii has a worldwide distribution and usually is not detected macroscopically by traditional 
meat inspection methods. Like other countries, Portugal does not have measures to control this parasite at 
various stages of the food chain neither the prevalence in swine is clearly known. Detection of Toxoplasma in 
meat samples intended for human consumption is crucial for the knowledge of the risk level to this source of 
infection for humans (Gamble, 1997; EFSA, 2011a, b). The aim of this study was to assess the seroprevalence 
of Toxoplasma gondii in slaughter pigs coming from intensive pig farms.
Material and Methods
In May of 2014 and in January of 2015 blood samples were collected from 330 finishing pigs and 7 
breeding sows from 12 intensive production farms in 3 different slaughterhouses, located in the north and 
center regions of Portugal. Blood samples were centrifuged at 3000 rpm during 20 minutes and serum was 
recovered and stored at -20ºC until testing. All animals presented for slaughter were approved in the ante 
mortem exam and did not have clinical signs compatible with toxoplasmosis.
The serological testing was carried out in the Laboratory of Molecular Pathology of the Biomedical Institute 
Abel Salazar of the University of Porto. All sera were tested in duplicate using a modified direct agglutination 
method (MAT) (Toxo-Screen DA, Biomérieux® SA) at the dilution of 1:20 and 1:40. Sera were considered 
positive if agglutination was observed according to the instructions of the kit. 
The 95% confidence interval (95% CI) of the proportion of positive sera was estimated according to the 
Clopper-Pearson procedure using SPSS v20.0. The population freedom from disease using imperfect tests and 
allowing for small populations was analysed with the EpiTools calculator “FreeCalc” (http://epitools.ausvet.
com.au/). The input values for population size were the number of submitted pigs from a particular farm. The 
sensitivity and specificity of MAT at a serum dilution of 1:20 were considered 83.4% and 90.2%, respectively. 
